Identification of residues that contribute to receptor activation through the analysis of compensatory mutations in the G protein-coupled alpha-factor receptor.
The alpha-factor receptor (Ste2p) stimulates mating of the yeast Saccharomyces cerevisiae. Ste2p belongs to the large family of G protein-coupled receptors that are characterized by seven transmembrane alpha-helices. Receptor activation is thought to involve changes in the packing of the transmembrane helix bundle. To identify residues that contribute to Ste2p activation, second-site suppressor mutations were isolated that restored function to defective receptors carrying either an F204S or Y266C substitution which affect residues at the extracellular ends of transmembrane domains 5 and 6, respectively. Thirty-five different suppressor mutations were identified. On their own, these mutations caused a range of phenotypes, including hypersensitivity, constitutive activity, altered ligand binding, and loss of function. The majority of the mutations affected residues in the transmembrane segments that are predicted to face the helix bundle. Many of the suppressor mutations caused constitutive receptor activity, suggesting they improved receptor function by partially restoring the balance between the active and inactive states. Analysis of mutations in transmembrane domain 7 implicated residues Ala281 and Thr282 in receptor activation. The A281T and T282A mutants were supersensitive to S. cerevisiae alpha-factor, but were defective in responding to a variant of alpha-factor produced by another species, Saccharomyces kluyveri. The A281T mutant also displayed 8.7-fold enhanced basal signaling. Interestingly, Ala281 and Thr282 are situated in approximately the same position as Lys296 in rhodopsin, which is covalently linked to retinal. These results suggest that transmembrane domain 7 plays a role in receptor activation in a wide range of G protein-coupled receptors from yeast to humans.